(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
5 December 2002 (05.12.2002) 




11111:11 


ram 


iniiiiiii 


mil 


MIIIIIIIII 


IIIIIIIIIIIIIID 



PCT 



(10) International Publication Number 

WO 02/097478 A2 



(51) International Patent Classification 7 : G02B 

(21) International Application Number: PCT/US02/16473 

(22) International Filing Date: 24 May 2002 (24.05.2002) 
(25) Filing Language: English 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, TP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 



(26) Publication Language: English 
(30) Priority Data: 



60/294,931 



30 May 2001 (30.05.2001) US 



(71) Applicant: FIBERYARD, INC [US/US]; 1 1526 Sorrento 
Valley Road,, Suite C, San Diego, CA 92121 (US). 

(72) Inventors: CHILDERS, Edwin, M. C; 3504 Oak Glen 
Lane, San Diego, CA 92117 (US). TRISSEL, Richard, 
G.; 2505 Newport Avenue, Cardiff, CA 92007 (US). 

(74) Agents: NYDEGGER, Neil, K. et al.; Nydegger & Asso- 
ciates, 348 Olive Street, San Diego, CA 92 103 (US). 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: OPTICAL BEAM STEERING DEVICE 



ft % £ 




00 

i> 

ON 

^ (57) Abstract: An actuator for moving the steering mirror of an optical switch is manipulated during the operation of the switch to 
£J route light beams along selected paths through free space. Structurally, the mirror has a reflecting surface area that is characterized 

by a largest dimension of less than fifteen millimeters, and the actuator defines a footprint within this area. The actuator includes 
Q a flexible universal pivot that is used to mount the mirror on a base member. The actuator also includes an electronic device that 

controls the magnetic interaction between a magnet on the mirror and a magnet on the base to selectively move the mirror on the 
^ universal pivot for the operation of the optical switch. 
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OPTICAL BEAM STEERING DEVICE 

This application claims the benefit of U.S. Provisional Application No. 
60/294,931 filed on May 30, 2001. 

FIELD OF THE INVENTION 

The present invention pertains generally to optical switches. More 
5 particularly, the present invention pertains to steering mirrors that are useful 
for routing light beams through free space. The present invention is 
particularly, but not exclusively, useful as an actuator for the steering mirror of 
an optical switch. 

BACKGROUND OF THE IN1VFNTIDM 

10 It has happened that optical components are being more and more 

frequently used in the manufacture of data transmission and communications 
systems. In most instances, these optical components include the use of 
optical fibers. Typically, these optical fibers have- central cores that are made 
of an ultra-pure glass, and they include a cladding that surrounds the central 

15 core. Because the central cores have a higher refractive-index than that of 
the glass in the outer cladding, optical fibers are capable of conducting 
modulated light signals by total internal reflection. Further, these fibers can 
•be used to manufacture optical fiber cables that consist of single or multiple 
cores, and have additional cladding and armoring for mechanical protection. 

20 In comparison with other types of signal conductors, the benefits that are 
obtained by using optical fibers include small diameters, high potential 
bandwidth and lower cost than more conventional conductors (e.g. copper 
wires). 

Like all other types of communications systems, in order for an optical 
25 network to be effective, it must be operationally flexible. Stated differently, the 
optical system or network must be capable of being configured, and quickly 
reconfigured, with many different communications pathways. Clearly, this 
capability requires switches of some kind. In the particular case wherein the 

1 
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optical system incorporates optical fibers, the switches that are to be used 
must be able to direct a light beam from an end of a transmitting fiber to an 
end of a receiving fiber. Moreover, for the proper operation of the optical 
network, the switch may need to select a particular receiving fiber from a 

5 plurality of such fibers. Further, the switch may need to quickly redirect the 
light beam to another receiving fiber and, possibly, sequentially redirect the 
light beam to a plurality of receiving fibers. 

Switches that mechanically align the ends of optical fibers with each 
other are typically limited in their performance by certain considerations that 

10 pertain in general to any type mechanical device. Specifically, these 
considerations include the fact that mechanical switches can be relatively 
slow in their operation/ Further, due to corrosion and wear, mechanical 
switches are prone to loosing precision in their alignments. Also, and perhaps 
more importantly, mechanical switches are susceptible to failure from material 

15 fatigue. In comparison, the degree to which these same imperfections may 
pertain to optical switches is much less significant. 

It is known that mirrors can be effectively used for purposes of directing 
light beams on segmented beam paths through free space. Additionally, it is 
known that beam paths can be routed and rerouted by using only very small 

20 movements of a steering mirror. In the context of an optical switch, this fact 
can be very advantageous. Specifically, when mechanical operations can be 
limited to only those that are necessary for the proper orientation of a steering 
mirror, the extent and effect of these movements can be minimized. 
Accordingly, attention is then more appropriately focused on optical 

25 considerations for the optical switch. Included here are considerations of size. 
In particular, it is appreciated that many applications for optical switches 
require the switch be small and of minimal size. Insofar as the steering mirror 
of a switch is concerned, this means that the actuator for moving the mirror 
must also be small. 

30 In light of the above, it is an object of the present invention to provide 

an actuator for moving the steering mirror of an optical switch that is compact 
in size and is, preferably, within the footprint of the mirror. Another object of 
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the present invention is to provide an actuator for moving the steering mirror 
of an optica! switch that is subjected to little, if any, material fatigue. Still 
another object of the present invention is to provide an actuator for moving the 
steering mirror of an optical switch that is relatively easy to manufacture, is 
5 simple to use and is relatively cost effective. 

SUMMARY OF THE PREFERRED EMBODIMENTS 

An actuator for moving a mirror, in accordance with the present 
invention, involves the interaction of electrical, magnetic and mechanical 
components. Importantly, operation of the actuator results in minimal, if any, 

10 material fatigue failure. Further, an important aspect of the present invention 
is that the actuator is dimensioned to define a footprint that lies completely 
within an area that is covered by the mirror. As contemplated for the present 
invention, the mirror will have a reflecting surface that is characterized by a 
largest dimension which is in a range approximately between one millimeter 

1 5 and twenty millimeters. 

Structurally, the actuator of the present invention includes a base, and 
it has a rigid post that is mounted on the base to extend outwardly therefrom. 
A flexible connector is affixed to the end of the post that extends from the 
base. More specifically, this flexible connector is preferably made of an 

20 elastomeric material, such as silicone or rubber, which is capable of 
repetitively withstanding an extremely large number of cycles, while exhibiting 
substantially "zero" fatigue. Together, the post and the flexible connector 
establish a flexible universal pivot for the actuator. 

An annular shaped permanent magnet is attached to the backside 

25 (non-reflective side) of the mirror, and is centered on the universal pivot 
around the permanent magnet. More specifically, the flexible connector is 
attached to the permanent magnet. With this connection the mirror is 
effectively mounted for pivotal movement on the flexible connector. 

In addition to the structure mentioned above, the actuator of the 

30 present invention includes at least one electromagnetic device that can be 
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controlled to tilt the mirror about an axis, while the mirror is attached to the 
flexible connector. Specifically, this electromagnetic device includes an 
electric coil that is mounted on the base. Also, the device includes a voltage 
source for sending a current through the coil. This is done to create a 
5 magnetic field that will interact with the magnetic field of the permanent 
magnet. Depending on the current that is sent through the coil, the 
electromagnetic device can control the magnetic interconnection between the 
permanent magnet that is mounted on the mirror and the electromagnetic 
device that is mounted on the base. Thus, the electromagnetic device can 

10 control the amount the mirror is tilted. Preferably, the actuator of the present 
invention will have two such electromagnetic devices that will cooperate with 
each other to tilt the mirror about orthogonal axes. 

For the operation of the actuator of the present invention, an x-y-z 
coordinate system can be established wherein the mirror is moveable in 

15 rotation through an angle 9 around the x-axis, and in rotation through an angle 
(j) around the y-axis. In this case, one of the electromagnetic devices is used 
to move the mirror through the angle 9 around the x-axis, and the other 
electromagnetic device is used to move the mirror through the angle <j> around 
the y-axis. Preferably, the angle 9 is moveable through a range of ± 10° and, 

20 similarly, the angle $ is moveable through a range of ± 10°. For an alternate 
embodiment of the present invention, the mirror may have a curved 
(spherical) surface and, further, the mirror can be moved in translation along 
the z-axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The novel features of this invention, as well as the invention itself, both 

as to its structure and its operation, will be best understood from the 
accompanying drawings, taken in conjunction with the accompanying 
description, in which similar reference characters refer to similar parts, and in 
which: 
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Fig. 1 is a perspective view of the present invention showing a mirror in 
combination with an actuator; 

Fig. 2A is a cross-sectional view of the actuator-mirror combination as 
seen along the line 2A-2A in Fig. 1 ; 
5 Fig. 2B is a cross-sectional view of the actuator-mirror combination as 

seen along the line 2B-2B in Fig. 1; and 

Fig. 3 is a cross-sectional view of an alternate embodiment of an 
actuator-mirror for use with the present invention wherein the mirror has a 
curved (spherical) reflective surface. 

10 \ DESCRIPTION OF THE PREFERRED EMBOPIMFNIT 

Referring initially to Fig. 1, a device in accordance with the present 
invention is shown and is generally designated 10. As shown, the device 10 
includes an actuator 12 that is mounted or attached to a base (substrate) 14. 
A mirror 16, having a reflective surface 18, is mounted on the actuator 12 to 

1 5 distance the reflective surface 1 8 from the base 14. As indicated in Fig. 1 , the 
projection of the reflective surface 18 onto the base 14 defines an area 20 on 
the base 14 that lies under the mirror 16. Further, the actuator 12 has a 
footprint 22 on the base 14. As intended for the present invention, the footprint 
22 of the actuator 12 lies within the projected area 20 of the reflective surface 

20 18 of the mirror 16. For purposes of the present invention, the reflective 
surface 18 has a maximum planar dimension in a range of approximately one 
to twenty millimeters. 

Referring now to Fig. 2A, the detail of structure for the actuator 12 will 
be more easily appreciated. In Fig. 2A it will be seen that a rigid post 24 is 

25 fixedly attached to the base 14. Also, it will be seen that a flexible connector 
(flexure) 26 is attached directly to the rigid post 24. Preferably, the connector 
26 is made of an elastomeric material, such as silicone or rubber, that will 
experience little, if any, material fatigue when the connector 26 is minimally 
deformed. This should be so, even though the connector 26 may be 
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subjected to repetitive cycles over extended periods of time (e.g. years of 
operation). 

Fig. 2A also shows that an annular-shaped, permanent magnet 28 is 
mounted on the mirror 16. Specifically the permanent magnet 28 is mounted 
5 on, or attached to the side of the mirror 16 that is opposite the reflective 
surface 18. Further, the permanent magnet 28 is centered on the reflective 
surface 18 of the mirror 16 and, importantly, it is fixedly attached to the flexible 
connector (flexure) 26. Referring back to Fig. 1 for the moment, it will be seen 
that the actuator 12 and mirror 16 define a Cartesian x-y-z coordinate system. 

10 Within this coordinate system, it will be appreciated that both the rigid post 24 
and the permanent magnet 28 are centered on the z-axis. Consequently, 
deformations of the connector (flexure) 26 will allow the mirror 16 to tilt at the 
same time around either or both the x-axis and the y-axis. More specifically, 
with this structure the mirror 16 is moveable in rotation through an angle Q 

15 around the x-axis, and in rotation through an angle <|> around the y-axis. For 
purposes of the present invention the angle 0 is moveable through a range of 
± 10°, and the angle § is also moveable through a range of ± 10°. 

Still referring to Fig. 2A, it will be seen that the permanent magnet 28 is 
positioned on the mirror 16 with its North pole 30 adjacent the mirror 16, and 

20 its South pole 32 distanced from the mirror 16. The poles 30 and 32 could, of 
course, be reversed, depending upon design considerations. Importantly, 
however, is the fact that in the vicinity of the mirror 16 the magnetic field of the 
permanent magnet 28 will be substantially parallel to the z-axis. With this in 
mind, it is seen in Fig. 2A that the actuator 12 of the present invention also 

25 includes a selectively magnetic core 34 that is mounted on the base 14. 
Additionally, an electric coil 36 is wound around this core 34, and the coil 36 is 
connected with a current source 38 via line 40. Consequently, in a manner 
well known in the pertinent art, activation of the current source 38 will send an 
electrical current through the coil 36 that will, in turn, magnetize the core 34. 

30 Importantly, the magnetic field that is generated on the core 34 will be 
generally perpendicular to the z-axis in the vicinity of the mirror 16 and, thus, 
also perpendicular to the magnetic field of permanent magnet 28. 
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As will be appreciated by the skilled artisan, the magnetic interaction 
between the permanent magnet 28 and the core 34 (whenever core 34 is 
magnetized) will generate forces on the mirror 16 that will cause it to tilt. More 
specifically, depending on the direction of current through the coil 36, and the 
5 magnitude of this current, the tilt of mirror 16 can be controlled both in 
direction and in extent. As intended for the present invention, such an 
activation of the current source 38 will selectively move the mirror 16 in 
rotation through an angle 6 around the x-axis to positions within a range of ± 
10°. 

10 Fig. 2B, shows the same actuator 12 as seen in Fig. 2A, but from a 

different perspective. More specifically, just as Fig. 2A shows the 
electromagnetic mechanism for tilting mirror 16 around the x-axis, Fig. 2B is 
provided to show that a tilt of the mirror 16 can be individually or 
simultaneously made about the y-axis. For this purpose, a core 42, coil 44, 

15 current source 46 and line 48 are shown in Fig. 2B. These components will 
act together, in concert, as an electro-magnetic mechanism that tilts the mirror 
16 in rotation through an angle <|> around the y-axis, within a range of + 10°. 

An alternate embodiment for the present invention is shown in Fig. 3. 
In all important respects, the actuator 12' of the alternate embodiment is 

20 essentially the same as was disclosed above for the actuator 12. The 
actuator 12', however, is used to move a mirror 16' which has a curved 
reflective surface 18". Additionally, Fig. 3 shows that a Hall Effect device 50, 
of a type well known in the pertinent art, can be employed in several different 
configurations with the present invention for well known purposes. This is so 

25 for both the actuator 12 and actuator 12'. Further, depending on the particular 
application, it is anticipated that it may be desirable to move the mirror 16 or 
mirror 16' along the z-axis. In any event, it is anticipated that the actuator 12 
of the present invention may be used for a variety of applications wherein it is 
desirable to redirect small beams of light from one light path to another, such 

30 as in the operation of a photonic switch. 
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While the particular Optical Beam Steering Device as herein shown 
and disclosed in detail is fully capable of obtaining the objects and providing 
the advantages herein before stated, it is to be understood that it is merely 
illustrative of the presently preferred embodiments of the invention and that no 
5 limitations are intended to the details of construction or design herein shown 
other than as described in the appended claims. 
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What is claimed is: 

1. v An- actuator for moving a mirror, wherein said mirror has a 
reflecting surface characterized by a largest dimension of less than fifteen 
millimeters to define an area, wherein said actuator defines a footprint within 
5 said area, and wherein said actuator comprises: 
a base; 

a flexible universal pivot for mounting said mirror on said base; 

a means for establishing a magnetic interconnection between 
said mirror and said base; and 
10 an electronic means for controlling said magnetic 

interconnection to selectively move said mirror on said universal pivot, 
with substantially no fatigue flexure, from a first orientation relative to 
said base into a second orientation relative to said base. 



2. An actuator as recited in claim 1 wherein said establishing 
15 means comprises: 

a first magnetic means mounted on said base; and 
a second magnetic means attached to said mirror. 



3. An actuator as recited in claim 2 wherein said second magnetic 
means is a substantially annular shaped permanent magnet and is centered 

20 on said universal pivot. 

4. An actuator as recited in claim 3 wherein said first magnetic 
means is electromagnetic and comprises: 

a selectively magnetic core mounted on said base; 

an electrical coil wound around said core; and 
25 a voltage source electrically connected to said coil for sending a 

current through said coil to magnetize said core to control said 
magnetic interconnection between said mirror and said base. 
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5. An actuator as recited in claim 3 wherein said universal pivot 
comprises: 

a rigid post mounted on said base to extend therefrom; and 
a flexible connector affixed to said post and attached to said 
5 permanent magnet to allow for movement of said mirror relative to said 

base with substantially no fatigue flexure for said connector. 

6. . An actuator as recited in claim 3 wherein said mirror defines an 
x-y-z coordinate system, and wherein said mirror is moveable in rotation 
through an angle 0 around the x-axis, and in rotation through an angle § 

10 around they-axis. 

7. An actuator as recited in claim 6 wherein said first magnetic 
means is an electromagnetic system comprising: 

a first coil mounted on said base and connected to said 
electronic means for controlling current through said first coil to move 
15 said mirror through the angle 9 around the x-axis; and 

a second coil mounted on said base and connected to said 
electronic means for controlling current through said second coil to 
move said mirror through the angle <|> around the y-axis. 

8. An actuator as recited in claim 7 wherein the angle 0 is 
20 moveable through a range of ± 10°, and the angle 4> is moveable through a 

range off 10°. 
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9. An actuator as recited in claim 1 wherein said area of said mirror 

is characterized by a dimension in a range approximately between one 

millimeter and twenty millimeters. 

• 

10. An actuator for moving a mirror, wherein said mirror has a 
5 reflecting surface characterized by a largest dimension of less than fifteen 

millimeters to define an area, and wherein said actuator defines a footprint 
within said area, and wherein said actuator comprises: 

a mechanical means for mounting said mirror on a base for 
pivotal movement thereon; 
1 0 a magnetic means interconnecting said mirror with said base; 

and 

an electronic means for controlling said magnetic means to 
move said mirror relative to said base via said mechanical means. 

11 An actuator as recited in claim 10 wherein said mechanical 
15 means is a universal pivot. 

12. An actuator as recited in claim 11 wherein said magnetic means 
comprises: 

a permanent magnet attached to said mirror, said permanent 
magnet creating a first magnetic field; and 
20 an electromagnet mounted on said base to selectively generate 

a second magnetic field for interaction with said first magnetic field. 
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13. An actuator as recited in claim 12 wherein said permanent 
magnet is substantially annular shaped and is centered on said universal 
pivot, and further wherein said universal pivot comprises: 

a rigid post mounted on said base to extend therefrom; and 
5 a flexible connector affixed to said post and attached to said 

permanent magnet to allow for movement of said mirror relative to said 
base. 

14. An actuator as recited in claim 12 wherein said electromagnet 
comprises: 

10 a coil mounted on said base; and 

a voltage source for sending a current through said coil to 
control said magnetic interconnection between said mirror and said 
base. 

15. An actuator as recited in claim 12 wherein said mirror defines an 
15 x-y-z coordinate system and is moveable in rotation through an angle 9 

around the x-axis, and is moveable in rotation through an angle <|> around the 
y-axis. 

16. An actuator as recited in claim 15 wherein said electromagnet 
comprises: 

20 a first coil mounted on said base and connected to said 

electronic means for controlling current through said first coil to move 
said mirror through the angle 9 around the x-axis in a range of ± 10°; 
and 

a second coil mounted on said base and connected to said 
25 electronic means for controlling current through said second coil to 

move said mirror through the angle (j> around the y-axis in a range of ± 
10°. 
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17. An actuator as recited in claim 16 wherein said area of said 
mirror is characterized by a dimension in a range approximately between one 
millimeter and twenty millimeters. 

18. A method for manufacturing an actuator for moving a mirror, 
5 wherein said mirror has a reflecting surface characterized by a largest 

dimension of less than fifteen millimeters to define an area, wherein said 
actuator defines a footprint within said area, and wherein said method 
comprises the steps of: 

attaching a permanent magnet to the mirror to establish a first 
10 magnetic field having a fixed relationship with the mirror; 

positioning a universal pivot on a base; 

mounting the mirror on the universal pivot with the permanent 
magnet centered on the universal pivot; 

locating an electromagnet on the base to selectively generate a 
1 5 second magnetic field for interaction with the first magnetic field; and 

controlling the second magnetic field of the electromagnet to 
move the mirror relative to the base via the universal pivot. 

19. A method as recited in claim 18 wherein the positioning step 
comprises the steps of: 

20 extending a rigid post from the base; 

affixing a flexible connector to said post; and 
attaching the flexible connector to the permanent magnet to 
allow for movement of the mirror relative to the base. 
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20. A method as recited in claim 19 wherein the mirror defines an x- 
y-z coordinate system and is moveable in rotation through an angle 0 around 
the x-axis, and is moveable in rotation through an angle (j> around the y-axis, 
and wherein the locating step comprises the steps of: 
5 mounting a first coil on the base; 

connecting the first coil to a voltage source to control current 
from the voltage source through the first coil to move the mirror through 
the angle 8 around the x-axis in a range of ± 10°; 
mounting a second coil on the base; and 
10 connecting the second coil to the voltage source to control 

current from the voltage source through the second coil to move the 
mirror through the angle <j> around the y-axis in a range of ± 10°. 
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